Background During in-hospital cardiac arrests, how long resuscitation attempts should be continued before termination of eff orts is unknown. We investigated whether duration of resuscitation attempts varies between hospitals and whether patients at hospitals that attempt resuscitation for longer have higher survival rates than do those at hospitals with shorter durations of resuscitation eff orts.
Introduction
Between one and fi ve of every 1000 hospital inpatients in developed countries are estimated to have a cardiac arrest, and less than 20% of such patients survive to discharge. 1, 2 One of the biggest challenges facing clinicians is the decision about when to stop resuscitation eff orts in patients who arrest. Clinicians are frequently reluctant to continue eff orts when return of spontaneous circulation does not occur shortly after initiation of resuscitation, in view of the overall poor prognosis for such patients. 3 Furthermore, little empirical evidence is available to guide clinicians about the appropriate length of resuscitation attempts before termination of eff orts. Thus, guidelines have not directly addressed this issue, 4, 5 and clinicians rely largely on case series and expert opinion to guide their practice. 3, [6] [7] [8] [9] Although this strategy has probably led to substantial diff erences between hospitals in the duration of resus citation attempts in nonsurvivors, little is known about the extent of such variation in routine practice and the potential relation with survival.
We assessed patterns of duration of resuscitation attempts and risk-adjusted survival at US hospitals. We focused on non-survivors to estimate each hospital's overall tendency for practising long attempts before termination of eff orts. We then postulated that the duration of resuscitation in non-survivors would vary substantially between hospitals and that patients at hospitals in which the duration of resuscitation attempts was longer would have a higher likelihood of return of spontaneous circulation and survival to discharge than would those at hospitals with shorter resucitation attempts.
Methods

Data source
Get With The Guidelines-Resuscitation (previously known as the National Registry of Cardiopulmonary Resus citation) is a large, multicentre observational registry of in-hospital cardiac arrests that previous investigators 10, 11 have described in detail. Briefl y, trained research personnel at participating hospitals prospect ively collect information about consecutive patients with in-hospital cardiac arrests, which are defi ned by unresponsiveness, apnoea, and the absence of a central palpable pulse. Cases are identifi ed by centralised collection of cardiac arrest fl ow sheets (ie, clinical records of the events and treatments given during cardiac arrest), reviews of logs of hospital electronic pages, routine checks for use of carts stocked with emergency resuscitation equipment, and hospital bills for resuscitation drugs. The registry uses standard Utstein defi nitions-precisely defi ned variables for uniform reporting of cardiac arrests developed by international experts. 12 
Study population
Between Jan 1, 2000, and Aug 26, 2008, we identifi ed 93 535 patients aged 18 years or older at 537 acute care hospitals in the USA and Canada with an index inhospital cardiac arrest (ie, the fi rst arrest for a patient during hospital stay) due to pulseless ventricular tachycardia or fi brillation, pulseless electrical activity, or asystole. Because of the distinct circumstances of cardiac arrests in some settings, we excluded 18 604 patients whose cardiac arrest happened when they were in emergency departments, operating theatres, post op erative areas, procedure areas (eg, cardiac catheter isation, electrophysiology, and angiography suites), or rehab ilitation areas, or if the location of the cardiac arrest was unknown or missing. We also excluded 1330 pa tients with implantable cardioverter defi brillators. We restricted our sample to hospitals that reported at least 6 months of data and in which ten or more cardiac arrests happened during the study. We excluded a further 6099 patients from 96 hospitals who did not meet these criteria. Finally, we excluded 3163 patients whose cardiac arrests lasted less than 2 min to avoid inclusion of so-called partial resuscitations or those for whom data for duration of resuscitation were incomplete (appendix). The insti tutional review board of the University of Michigan Medical School approved this study and waived the requirement for written informed consent.
Study defi nitions and endpoints
Our primary endpoints were immediate survival with return of spontaneous circulation during cardiac arrest and survival to hospital discharge. Return of spontaneous circulation was specifi cally defi ned as the restoration of a pulse for at least 20 min during the cardiac arrest. Additionally, we assessed whether increasing the duration of resuscitation attempts resulted in worse neurological status than did short resuscitation attempts, despite improvements in survival. We classifi ed data for the neurological status of patients who survived to discharge into fi ve groups on the basis of previously developed cerebral performance categories (no major disability, moderate disability, severe disability, coma or vegetative state, and brain death) 13 measured at the time of hospital discharge. Consistent with previous work, 14, 15 we defi ned a favourable neuro logical status as a score of 1 or 2 (ie, no major disability or moderate disability).
Median duration of resuscitation attempts at a hospital in non-survivors-ie, patients who never achieved return of spontaneous circulation before termin ation of eff orts-was the key independent variable for our analyses. We coded duration in minutes (as integers), and specifi cally defi ned it as the time from onset of cardiac arrest to termination of resuscitation eff orts and declaration of the patient's death. We defi ned onset of cardiac arrest as the fi rst recognition of apnoea, un responsiveness, or the absence of a palpable central pulse. Termination of eff orts referred to the time when cardiopulmonary resuscitation was stopped in patients without return of spontaneous circulation. We focused on non-survivors (rather than all patients) when calculating the median duration of resus citation attempts for a hospital because we postulated that a hospital's over all propensity for long resuscitation eff orts would be best shown by the length of attempts in patients who did not survive.
Statistical analysis
We stratifi ed patients by survival status and used KruskalWallis and χ² tests, as appropriate, to examine baseline diff erences in demographics and clinical characteristics across the strata of resuscitation duration (≤10, 11-19, 20-29, and ≥30 min). We then graphed the cumulative rates of return of spontaneous circulation in the entire study cohort and the distribution of duration of resuscitation attempts in non-survivors.
We used multilevel Poisson regression models with hospital-specifi c random intercepts to establish the association between patients achieving return of spontaneous circulation and the median duration of resuscitation attempts in their hospitals. 16 Because odds ratios generated from logistic regression can overestimate risk when the frequency of the outcome is high, 17, 18 we used Poisson regression to directly estimate risk ratios. We classifi ed hospitals into quartiles on the basis of median duration of resuscitation in non-survivors before their inclusion in these models.
On the basis of previous work, 19 the regression models were adjusted for additional patient-related covariates that can be linked to outcomes: shockable initial pulseless rhythms (pulseless ventricular tachycardia or fi brillation), age, race, illness category (medical noncardiac, medical cardiac, surgical cardiac, trauma and surgical non-cardiac, obstetric, and other), pre-existing disorders (none, myocardial infarction during hospitalisation, hypo tension or hypo perfusion, hepatic insuffi ciency, base line depression in CNS function, acute stroke, infection or septicaemia, metastatic or haematological malignant disease, renal failure, major trauma), inter ventions in place at the time of cardiac arrest (invasive airway device, chest tube, assisted or mechanical ventilation, vasopressors, antiarrhythmics, vasodilators), monitoring with an arterial line, a witnessed cardiac arrest, event location (intensive-care unit, general fl oor or telemetry), and time from admission to event. The models also accounted for off -hours cardiac arrest (ie, between 2300 h and 0700 h or between 2300 h Friday and 0700 h Monday), initiation and time to fi rst chest compressions, and study period ( Data are median (IQR) or n (%) unless otherwise stated. Because of rounding, percentages might not add up to 100% exactly. *Night=2300 h-0700 h. †Weekend=2300 h Friday-0700 h Monday. (asystole or pulseless electrical activity vs pulseless ventricular tachycardia or fi brillation). Finally, we assessed whether high survival rates in patients at hospitals with long median resuscitation attempts were associated with poor neurological status in survivors because of prolonged resuscitation eff orts. For these analyses, we constructed regression models that examined the likelihood of survival with a favourable neurological status (defi ned as a cerebral performace category score of 1 or 2) across the quartiles of hospitals.
During all analyses, we deemed p values of less than 0·05 to be signifi cant, and all tests were two sided. We used Stata (version 11·2) for all analyses.
Role of the funding source
The American Heart Association, its Executive Database Steering Committee and the staff at its national centre, 
Results
We identifi ed 64 339 patients with an in-hospital cardiac arrest at 435 hospitals (appendix). The initial cardiac arrest rhythm was ventricular tachycardia or fi brillation in 12 924 (20·1%) patients and pulseless electrical activity or asystole in 51 415 (79·9%). Median duration of resuscitation in the study population (including both survivors and non-survivors) was 17 min (IQR 10-26). 31 198 (48·5%) patients achieved return of spontaneous circulation and 33 141 (51·5%) died after termination of resuscitation eff orts. The median duration of resusci tation was 12 min (IQR 6-21) for patients achieving return of spontaneous circulation and 20 min (14-30) for non-survivors. Mean length of stay in hospital (truncated at death or hospital discharge) was 8·3 days (SD 15·0) in patients achieving return of spontaneous circulation. 9912 (15·4%) patients survived to discharge with a mean hospital stay after return of spontaneous circulation of 16·6 days (SD 18·0). Information about neurological status was available for 8724 of 9912 (88·0%) patients who survived to discharge. 7034 of the 8724 patients (80·6%) who survived to discharge and had assessments of cerebral perform ance category had a favourable neurological status (ie, scored ≤2). The rate of favourable neurological status in survivors to discharge did not signifi cantly diff er on the basis of resuscitation duration (4738 of 5838 [81·2%] people in whom resuscitation was done for <15 min vs 1724 of 2156 [80·0%] for durations between 15 and 30 min vs 572 of 730 [78·4%] for durations >30 min; p for comparison 0·131). However, mean and median scores on assessments of cerebral performance categories were slightly higher in patients in whom duration of resus citation was longer than in those in whom duration was short (appendix). The appendix includes a complete break down of assessments of cerebral per formance categories by resuscitation duration. Table 1 shows baseline characteristics of patients who achieved return of spontaneous circulation, and table 2 those of non-survivors, both stratifi ed by resuscitation duration. Because of the large size of the study population, several signifi cant diff erences were noted in baseline characteristics between diff erent strata of resuscitation duration; however, sizeable diff erences were less frequent. In patients who achieved return of spontaneous circulation, a lower proportion of patients with preexisting disorders such as septicaemia or major trauma, critical care interventions in place at time of cardiac arrest, arrests in the intensive-care unit, or witnessed arrests had resuscitation attempts that lasted for 30 min or more than had attempts that lasted for 10 min or less (table 1). In non-survivors, excluding those with myocardial infarction during admission, the proportion of patients with pre-existing disorders resuscitated for 30 min or more was smaller than that resuscitated for 10 min or less (table 2). Figure 1 shows the cumulative rates of return of spontaneous circulation for the overall study cohort. Of the 31 198 (48·5%) who achieved return of spontaneous circulation, 27 332 (87·6%) had restoration of a pulse by Overall, patients who had cardiac arrests at hospitals with longer median resuscitation durations had higher overall survival than did those who arrested in hospitals with shorter median durations of resuscitation attempts. For example, patients at hospitals with the longest median resuscitation attempts were signifi cantly more likely to achieve return of spontaneous circulation than were those at hospitals with the shortest attempts (table 3) . This eff ect was most prominent in patients with cardiac arrests due to pulseless electrical activity or asystole (p for interaction 0·002; table 4).
Similarly, patients at hospitals in the quartile with the longest median resuscitation attempts had a signifi cantly higher rate of survival to discharge than did those at hospitals in the quartile with the shortest attempts (table 3). When we analysed by presenting rhythm survival to discharge between the fi rst and fourth quartiles, our fi ndings were signifi cant for cardiac arrests due to pulseless electrical activity and asystole, but not ventricular tachycardia or fi brillation (p for interaction <0·0001; table 5).
We noted that the likelihood of patients surviving to discharge with a favourable neurological status did not diff er signifi cantly between hospital quartiles. For example, patients at hospitals in the longest quartile were as likely to be discharged with a favourable neurological status as were those at hospitals in the shortest quartile (adjusted risk ratio 1·00, 95% CI 0·95-1·06; p=0·858).
Discussion
Despite several advances in resuscitation care, overall survival after in-hospital cardiac arrest remains poor. 20, 21 Clinicians have raised concerns that prolongation of resuscitation eff orts could be futile, 4 but few empirical data are available to guide clinical practice (panel). We showed substantial variation between hospitals in the duration of resuscitation attempts in non-survivors. We also noted that patients at hospitals in which the median duration of resuscitation attempts was longer had a higher likelihood of return of spontaneous circulation and survival to discharge than did those at hospitals with shorter median resuscitation durations.
When we arranged hospitals into quartiles on the basis of duration of resuscitation attempts, attempts in hospitals in the longest quartile lasted more than 50% longer than did eff orts in hospitals in the shortest quartile. This additional time might seem to be a slight increase, but could have substantial implications in critically ill patients if it is thought of as time for reassessment of clinical responses and provision of further treatments.
Studies of the eff ect of resuscitation duration on clinical outcomes are few. Ballew and colleagues 6 reported that in a series of 313 patients, the proportion surviving to discharge was 45% when attempted resuscitation time was shorter than 5 min but less than 9 only 2% of those in whom resuscitation attempts lasted longer than 10 min achieved return of spontaneous circulation. Bedell and coworkers 7 showed that resus citation duration was an independent predictor of mortality both during and after cardiac arrest. A 2007 analysis 22 from a singlehospital registry in Taiwan showed that the rate of return of spontaneous circulation was greater than 90% in patients resuscitated for less than 10 min but roughly 50% for those in whom resuscitation was attempted for 30 min or more.
Partly on the basis of these published fi ndings that long resuscitation durations are associated with worse survival, earlier recommendations suggested a reassessment of eff orts when responses to treatment are not apparent early after initiation of eff orts. 3 Although such an approach is reasonable, this interpretation in isolation could result in misleading inferences about how the length of resuscitation attempts aff ects survi val because of several important limitations. 3 First, previous studies included survivors and non-survivors, which shifts the distribution of resus citation duration towards shorter times overall and makes duration less optimum as an explanatory variable because return of spontaneous circulation typically occurs early in most survivors. Second, the investigators did not consider cumulative survival rates with time or examine the specifi c eff ects of prolongation of resus citation attempts. In Ballew and colleagues' study, 6 more than 50% of survivors were resuscitated for longer than 5 min and 10% for more than 20 min. In the analysis from Taiwan, 22 more than 30% of patients who achieved return of spontaneous circulation did so only after 30 min of resuscitation. Finally, previous studies were usually done in one hospital, which means that they could not take into account interinstitutional diff erences in resuscitation practice.
Our analysis addresses limitations of previous studies and extends this previous work. It takes advantage of potential diff erences in resuscitation practices between hospitals. Because we analysed the distribution of resuscitation duration in survivors and non-survivors of cardiac arrest separately, we were able to confi rm that most survivors achieve return of spontaneous circulation early during resuscitation attempts, but noted that some survivors were resuscitated for more than 30 min before spontaneous circulation returned. However, less than 25% of people who died during cardiac arrest were resuscitated for at least 30 min, suggesting that attempts in most patients are not typically continued for this long.
Our most notable result was that long resuscitation attempts might be linked to increased rates of return of spontaneous circulation and survival to discharge. Patients at hospitals where resuscitation eff orts lasted longer had higher survival rates than did those at hospitals where attempts were shorter, independent of measured patient characteristics. The reason for this improved survival to discharge could be that hospitals that reliably implement guidelines for resuscitation care systematically attempt resuscitation for longer than do hospitals that do not reliably follow guidelines. Such a fi nding would suggest that duration of resuscitation is a marker of more comprehensive care. However, it also suggests an opportunity to improve care in this high-risk population through standardisation of duration of resuscitation attempts before termination of eff orts.
Some evidence supports the stopping of resuscitative eff orts if asystole has been present for more than 10 min without an identifi able and reversible cause. 3 van Walraven and coworkers 23 reported that admitted patients who have an unwitnessed pulseless electrical activity or asystole for more than 10 min are unlikely to survive. In our sample of patients with in-hospital patients, return of spontaneous circulation and survival to discharge were signifi cantly less likely when the initial rhythm was pulseless electrical activity or asystole than when the rhythm was ventricular tachycardia or fi brillation. However, patients with pulseless electrical activity or asystole seemed the most likely to benefi t
Panel: Research in context
Systematic review
We searched Medline with the terms "in-hospital cardiac arrest" and "survival" in combination to identify published work relevant to our study. We noted no previous medical literature about variation in the duration of resuscitation attempts in non-survivors between hospitals, or whether patients treated at hospitals with longer resuscitation attempts have higher survival rates than do those at hospitals where resuscitation attempts are shorter. However, we identifi ed previous work broadly related to resuscitation duration and outcomes, including specifi c articles about rules for termination of cardiac arrests in both the in-hospital and out-of-hospital settings. We reviewed these titles and abstracts, and the reference lists of selected studies. We have included single and multicentre observational studies, 6-9,20-23 reviews, 3 and national guidelines 4, 5 in our discussion.
Interpretation
Our observational study focused on hospital-level variation in the duration of resuscitation attempts in patients who did not achieve return of spontaneous circulation.
We assessed the possible association between increased duration of resuscitation attempts in these non-survivors (ie, before termination of eff orts) and survival with the Get With the Guidelines-Resuscitation, a large observational registry of in-hospital cardiac arrests from hospitals across the USA. Although the results of previous investigations have shown that survival is lower in patients who need longer resuscitation eff orts than in those who are resuscitated after short eff orts, our study develops these fi ndings through examination of the potential eff ect of extension of resuscitation eff orts on return of spontaneous circulation and survival to discharge. We noted that patients at hospitals with longer median resuscitation attempts in non-survivors were more likely to survive to discharge than were those in hospitals at which the median length of resuscitation attempts was shorter, independent of measured characteristics of patients. Although we cannot defi ne an optimum duration for resuscitation attempts, our fi ndings suggest that eff orts to systematically increase the duration of resuscitation eff orts could improve survival in this high-risk population.
from long resuscitation attempts. The eff ect of long resuscitation attempts on survival was less pronounced in patients with ventricular tachycardia or fi brillation, which could be because survival in these patients is frequently driven mostly by the immediate response to defi brillation, rather than other factors. Our study has several limitations. First, Get With The Guidelines-Resuscitation is a voluntary registry. Although the fi nal study population included patients from 435 hospitals with broad regional representation from across the USA, our fi ndings might not be representative of all hospitals, since the participating hospitals tend to be large. Second, the study was observational and thus we cannot directly show a causal relation between increasing the duration of resuscitation attempts and survival rates. Factors related to good resuscitation care-eg, reliable implementation of guidelines-could be associated with prolonged resuscitation attempts and improved survival. Unmeasurable variables that aff ect the duration of resuscitationnamely, the quality of chest compressions and standard of the code team's work-could have roles in decisions related to resuscitation care and outcomes, but are not collected in this registry, adding to the potential for residual confounding. 24, 25 Rates of survival to discharge could also be aff ected by hospital-specifi c administrative practices such as discharge planning after resuscitation.
Third, as with any observational registry, errors can occur during data collection, and the method by which cardiac arrests were recorded might have varied between hospitals. However, a previous study examined the overall accuracy of Get With The GuidelinesResuscitation through a random, reauditing process, which showed that mean error rates are low overall (roughly 2·4%). 10 Finally, we could not measure longterm outcomes in survivors of resuscitation, including functional status, after hospital discharge. The extent to which critically ill patients benefi t from survival months to years after cardiac arrest should be the ultimate measure of the usefulness of resuscitation measures.
How do our results aff ect clinical practice? In one of the earliest studies 8 of in-hospital cardiac arrest, Edward Stemmler noted that in 103 patients at his institution, the "duration of a single resuscitative attempt varied from a few minutes to almost 3 hours", with most attempts terminated when return of spontaneous circulation did not happen after 15-30 min. Since this study in 1965, little progress has been made towards establishment of when resuscitation eff orts should be terminated. Our fi ndings, which are based on data from the largest representative sample of patients with inhospital cardiac arrest in the USA, provide empirical evidence that clinical practice still varies greatly and suggest that standardisation of a minimum length for resuscitation attempts could improve survival. We are unable to provide a specifi c cutoff from these data and are hesitant to speculate. Clinical judgment will always be needed for this aspect of care, since the benefi ts of increasing the length of resuscitative measures should be balanced with the potential downside of futile care. Prolongation of resuscitation attempts by 10 or 15 min might have only slight eff ects on resources once eff orts have already begun, but could improve outcomes. Further research is needed on this topic.
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